In the current penalty shootout system of soccer, the team going second has to play catch-up. This possibly carries a bias in favor of the team going first. We consider this hypothesis by taking data from both soccer penalty shootouts and tennis tie breaks. We find the bias does exist in soccer, but not in tennis. This suggests the penalty shootout should adopt the tennis tiebreak format to remove the bias, as recently advocated by FIFA.
Data and Results
We diligently collected data from the 2017 Grand Slam tennis tournaments as one of the matches progressed in order to spot 345 tiebreak situations (Table 1) .
We examined both men's and women's singles matches. Data from Table 1 were used to test whether a tiebreak winner is biased to the player who serves first.
We expected that would not occur because of the ABBA pattern.
In contrast, we expected the first player in a soccer penalty shootout to have an advantage because of the ABAB pattern. To test this, we meticulously gathered data from the internet to find 232 penalty kick situations in several soccer matches from 1970 to the present day ( Table 2) .
As for the tiebreak, 163 players ended up as winners after serving first. This equates to 47.25 percent. However, before one can jump to the conclusion that it is better not to serve first, it can be said this result was not statistically significant. Based on a chi-square test, as a winning probability of 0.5 could not be rejected ( 2 
χ =
, p-value = 0.306), we could not conclude there was an advantage by serving first in our data sample. This result matches those in the previous literature [12] [13] .
As for the penalty shootout, 138 teams ended up as winners after having the first penalty kick. This equates to 59.48 percent and, considering again the chi-square test, a winning probability of 0.5 was rejected ( where R and S denote the corresponding random variables ( Table 3 ). The null hypothesis of interest is that R and S are exchangeable, which translates into no effect by going first. This hypothesis of exchangeability can be written as Table 3 . Observed quantity of goals scored by a team starting the penalty shoutout, r, and the scores of the other team s. In sum, it does not matter who begins in tennis tiebreak, but it does matter in soccer penalty shootout.
Conclusions
In a sample of 345 tennis tiebreak situations and 232 soccer penalty kick situations, we found the current ABAB system of soccer to be biased in that the team going first has a 59.48 percent advantage to end up as the winner. This figure is close to the 60 percent reported by FIFA. The tennis ABBA system does not exhibit the bias in our sample, as in the previous literature. This means FIFA is not wrong in suggesting the penalty shootout should adopt the tennis tiebreak format.
"Football (soccer) is a simple game," former English player Gary Lineker once said. "Twenty-two men chase a ball for 90 minutes and, at the end, the Germans always win," he added. As for penalty shootouts, the Germans are famed for their penalty-spot prowess after winning five shootouts at major finals (have another look at Table 2 and at Ref. [16] ). By adopting the tennis tiebreak system, FIFA would then give no grounds for a cold war in football.
